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INTRODUCTION 


Explosive  fills  for  munitions  are  designed  to  be  difficult  to  accidentally 
detonate.  A  complicated,  though  well  understood,  explosive  train  technology  is 
required  to  intentionally  stimulate  these  materials  to  a  detonation.  Almost 
all  hazards  associated  with  military  explosives  begin  with  burning.  A  modest 
thermal  initiation  (hot  spot)  can  quickly  develop  into  a  catastrophe.  Typical 
problem  areas  are  in  large  caliber  weapon  in-bore  prematures  and  munitions  that 
are  damaged  by  fragment  attack. 

Attempts  have  been  cade  to  improve  some  military  explosives  in  order  to 
reduce  this  deflagration  hazard.  These  programs  failed  because  the  mechanism 
controlling  the  reaction  rates  is  not  well  understood.  In  addition,  there  was 
no  laboratory  test  which  could  evaluate  an  improvement. 

It  is  the  purpose  of  this  report  to  show  that  an  old,  well-established, 
technique  can  be  used  to  expose  the  factors  controlling  the  burning  mechanism 
of  explosives.  It  will  be  demonstrated  that  slight  modifications  of  an  explo¬ 
sive  composition  can  significantly  slow  the  reaction  rate  of  these  materials. 
This  method  can  provide  the  explosive  fonnulator  with  a  testing  procedure  that 
will  permit  him  to  monitor  the  results  of  his  efforts  to  reduce  deflagration 
hazards. 


EXPERIMENTAL 


The  tool  used  in  this  study  is  the  closed  bomb.  The  standard  closed  bomb 
is  a  heavy-walled  steel  container  with  an  internal  volume  of  about  200  cm*.  It 
contains  a  closure  with  an  insulat  d  firing  electrode,  an  exhaust  valve,  and  a 
piezo  pressure  transducer.  Gases  that  are  generated  by  burning  energetic  ma¬ 
terials  can  be  contained  within  tlte  vessel  to  a  pressure  of  about  690  MPa 
(100,000  psi).  The  pressure  versus  time  data  developed  by  these  reactions  are 
electronically  recorded  and  stored  for  computer  calculations. 

This  tool  is  the  work  horse  of  the  propellant  industry,  It  is  routinely 
used  to  evaluate  surface  burning  propellant  compositions,  ‘♦‘his  is  done  accord¬ 
ing  to  well-established  procedures  described  in  references  1  through  It. 

Explosives  are  not,  generally,  surface  burning  materials.  The  physical 
conf iguration  usually  breaks  up  to  produce  a  new  surface  area  at  some  point 
during  the  burning.  This  does  not  invalidate  the  procedure.  These  materials 
arc  burning  on  the  new  surface  with  the  intrinsic  burning  rate  of  the  composi¬ 
tion.  An  effort  is  needed  to  determine  the  rate  at  which  the  new  surface  area 
is  being  created,  the  dissensions  of  the  new  geometry,  and  the  intrinsic  burning 
rate  of  the  composition. 


PROCEDURE 


Much  of  this  work  was  reported  in  reference  12*  This  is  another  look  at  those 
data  with  computer  tools  which  were  not  available  at  that  time.  Additional 
work  which  was  subsequently  performed  Is  also  included*  Composition  (Comp)  R 
is  the  explosive  vehicle  for  this  study.  The  method,  however,  is  applicable  to 
other  energetic  compositions* 

Precise  cylindrical  geometries  were  machined  from  cast  Comp  B  (1%  wax). 
Comp  BW  (IT  estane).  Comp  B4  (no  additives),  and  Comp  A3  (RDX/WAX,  91/9).  They 
were  machined  to  provide  two  significantly  different  surface  areas  with  respect 
to  the  volume  fraction  burned  for  each  sample.  They  were  2.54  cm  diameter 
cylinders.  One  was  solid  and  the  other,  a  single  perforated  grain,  contained  a 
0.953  cm  hole  in  the  center.  The  lengths  were  adjusted  to  provide  a  constant 
mass  and  were  approximately  5  cm  long.  A  crushed  form  of  Comp  B  was  also  test¬ 
ed.  The  intent  for  these  samples  was  to  test  for  surface  burning  according  to 
the  "propellant  linear  burning  rate  theory" . 

Two  forms  of  Comp  B  with  estane  were  tested.  In  one  case,  the  estane  was 
precoated  on  the  RDX  particle,  and,  in  the  other,  it  was  mixed  into  the  hot  TNT 
melt.  These  samples  in  relation  to  Comp  B  with  and  without  the  standard  wax 
additive  were  used  to  ascertain  the  role  performed  by  additives  in  the  RDX/TNT 
mixture.  Each  test  was  provided  with  massive  thermal  ignition  with  5  grams  of 
class  7  black  powder.  This  was  done  to  insure  simultaneous  ignition  of  the 
entire  surface  area. 

RDX  is  a  major  constituent  of  Comp  8.  Information  on  its  intrinsic  burn¬ 
ing  rate  would  be  important  for  understanding  the  burning  mechanism  of  Comp 
8.  Thcrdfore,  an  attempt  was  made  to  develop  a  technique  to  determine  the 
linear  burning  rate  as  a  function  of  pressure  for  the  RDX  partiele. 


RESULT^  AND  DISCUSSION 


Pressure  Versus  Time  Measurements 

The  results  reported  in  reference  12  showed  that  Chap  i  and  variations 
thereof  exhibited  a  transition  from  slow  to  fast  burning.  This  transition 
occurred  at  a  pressure  of  b9  to  139  K?a.  figures  1  through  3  illustrate  this 
transition  for  Comp  8  (wax),  Comp  HW  (estane),  and  Comp  (no  additives). 

These  curves  are  overlapped  as  the  maximum  pressure  is  approached.  2ero  tine 
refers  to  the  start  of  data  recording. 

Each  figure  compares  the  pressure  developed  with  respect  to  tine  for  the 
burning  of  the  two  geometries  (solid  cylinder  and  3/b  it'  single  per f).  Figure 
1  also  includes  the  burning  of  crushed  Comp  8.  This  was  material  from  the  same 
casting  which  was  mechanical lv  crushed  into  an  aggregate  of  fine  powder  and 
Susse  small  chunks*  Initially,  the  burning  Of  each  sasple  is  influenced  by  the 
original  gco«ct*y.  Then,  all  the  variations  of  comp  8  show  a  transition  to  a 
common  burning  region.  Figure  l  Shows  that  the  oerhanlcaiiy  deconsolidated 
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Comp  H  also  shares  this  common  burning  region  with  the  solid  castings.  This 
strongly  suggests  that,  at  the  transition,  the  physical  structure  of  Comp  B  is 
breaking  up,  creating  new  (increased)  surface  area. 

Linear  Burning  Rate  Calculations 

A  linear  burning  rate  analysis,  based  on  the  "propellant  linear  burning 
rate  theory",  was  performed  on  each  side  of  the  transition  for  each  sample. 
This  analysis  requires  that  burning  progresses  only  on  the  surface  of  the  sam¬ 
ple  (cigarette  style).  When  all  the  requirements  are  met,  the  procedure  will 
measure  the  true  burning  rate.  The  results  for  a  particular  composition  would 
ha  the  same  for  any  known  geometry. 

The  results  of  these  calculations  are  shown  in  tables  1  through  1.  In  the 
after-transition  region,  it  is  observed  that  the  burning  rates  derived  foi  the 
two  geometries  do  not  agree  for  any  of  the  Comp  B  variations.  This  shows  that 
the  physical  structure  had  changed.  Burning  in  this  region  is  progressing  on  a 
new  surface  area  that  is  not  represented  by  a  surface  area  regression  that  is 
normal  to  the  original  surface.  This  could  be  interpreted  as  a  breakup  of  the 
physical  structure  of  Comp  B.  A  breakup  would  increase  the  surface  area,  which 
in  turn  would  dramatically  increase  the  burning  velocity. 

In  the  pre-transition  region,  Comp  B  and  Comp  BW  (tables  1  and  2)  demon¬ 
strate  a  good  example  of  propellant-type  surface  burning.  The  burning  rate 
agreement  derived  for  the  two  geometries  is  excellent  for  Comp  BW  to  a  pressure 
of  70  MPa.  Regular  Comp  B  shows  a  slight  divergence  as  this  pressure  is  ap¬ 
proached  and  Comp  B4  (no  additives)  shows  a  wide  divergence  with  poor  repro¬ 
ducibility  (table  1).  This  behavior  could  indicate  that  burning  is  beginning 
to  penetrate  into  the  sample  body  as  a  prelude  to  the  breaking  up  of  the  physi¬ 
cal  structure. 


Sickness  Measurements 

The  differentiation  of  the  pressure  versus  time  curve  (dp/dt  vs  pressure) 
is  used  to  calculate  the  linear  burning  rate.  When  unusual  burning  behavior  is 
encountered,  as  is  the  case  with  Comp  8,  an  examination  of  this  quickness  curve 
can  provide  a  means  of  understanding  the  process.  Since  these  curve#  do  not 
directly  evaluate  fundamental  properties,  they  must  be  used  on  a  comparison 
basis.  Introducing  controlled  variations,  such  as  surface  area,  particle  alee, 
concentration,  and  composition  (additive),  will  produce  test  results  which  can 
be  evaluated  on  a  cause  and  effect  basis. 

Figures  4  through  9  utilise  the  quickness  curve  to  compare  the  burning 
behavior  of  samples  which  have  very  different  initial  surface  areas  (solid 
cylinder  and  3/§  10  single  perf).  This  was  done  for  the  three  variations  of 
Comp  8  and  for  Comp  A3.  Composition  A3  is  ROX/WAS  (91/9)  which  had  been 
ptessed  to  a  density  of  l.bAP  g/em* .  Since  the  ss»ss  and  composition  of  these 
samples  are  the  same,  the  dp/dt  (quickness)  compares  the  surface  areas  burn¬ 
ing.  The  slope  of  each  curve  is  an  indication  of  the  rate  at  which  that 
surface  area  is  being  created. 


Coop  B  demonstrates  the  surface  burning  phase,  prior  to  transition,  with 
the  normal  divergence  in  quickness  associated  with  a  variation  of  the  initial 
surface  area  (figures  4,  5,  and  6).  A  very  interesting  observation,  however, 
is  made  in  the  after-transition  region.  The  sample  which  begins  burning  with 
the  largest  surface  area  (3/8  ID  single  perf)  creates  a  lesser  total  surface 
area  with  respect  to  the  solid  cylinder.  One  possible  explanation  of  this  is 
that  the  magnitude  of  the  initial  surface  area  of  the  sample  somehow  ties  up  a 
volume  of  material  proportional  to  the  surface  area  and  this  material  does  not 
participate  in  the  breakup  that  follows  the  transition. 


Comp  B  Interrupted  Burning  Test 

Supporting  evidence  for  this  idea  is  provided  by  work  performed  at  Los 
Alamos  National  Laboratory  (LANL)  (ref  13).  They  performed  an  interrupted 
burning  test  on  Comp  B.  A  slab  of  this  explosive  was  ignited,  partially 
burned,  and  then  quenched.  This  was  done  at  atmospheric  pressure.  The 
quenched  explosive  was  sectioned,  polished,  and  microscopically  examined.  This 
showed  that,  to  a  considerable  depth  below  the  extinguished  surface,  there  was 
a  zone  of  cooftlete  kDX  depletion.  Thereafter,  the  RDX  particles  became  visible 
and  quickly  increased  to  the  normal  size.  This  zone  of  RDX  depletion  implies, 
for  want  of  a  better  term,  the  formation  of  a  complex.  A  complex  of  this  type 
is  the  concept  needed  to  explain  the  reversal  of  surface  area  creation  shown  In 
Comp  B  quickness  curves.  A  complex,  formed  under  the  burning  surface  during 
the  surface  burning  phase,  would  tie  up  a  volume  of  material  proportional  to 

the  surface  area.  If  the  complex  were  not  involved  in  the  breakup,  the  3/8  ID 

single  perf  grain,  at  transition,  would  have  a  lesser  volume  of  material 
available  for  breaking  up  into  a  proportionally  leaser  total  surface  area  than 
would  the  solid  cylinder. 

In  addition,  the  existence  of  a  complex  helps  to  resolve  another  dilem¬ 
ma.  TNT  is  the  binder  for  RDX  in  the  explosive  Comp  B.  References  12  and  14 

show  that  the  physical  structure  of  TNT  breaks  up  at  the  very  beginning  of 

combustion*  Until  the  concept  of  the  formation  of  a  complex  was  introduced,  it 
was  difficult  to  understand  why  the  40*  TNT  binder  did  not  break  up  to  provide 
a  new  burning  surface  when  burned  in  union  with  RDX,  as  it  did  when  burned 
alone. 


Relationship  of  Additives  to  Formation  of  the  Complex 

Coop  RU  (fig.  ?),  like  Comp  A,  also  demonstrates  the  reversal  of  surface 
area  creation  with  respect  to  the  initial  surface  area  of  the  sample.  In 
figures  8  and  9,  it  is  observes  that  Coop  R4  (m  additives/  and  Coup  A3  (no 
TNT)  do  not  burn  in  this  manner.  The  sample,  which  breaks  up  first  C3/R  ID 
single  perf)  creates  the  greatest  surface  are*.  This  is  reasonable  and  ex¬ 
pected,  if  there  is  no  complex  near  the  surface,  restricting  *  portion  of  the 
material  from  pacUcipatinii  in  the  breakup.  it  follows  that  an  additive  is 
required  in  the  presence  of  both  Rax  and  TNT  in  order  to  form  the  complex. 
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Kffect  i't  Additive  on  Comp  li  Burning 

In  figure  IU,  the  quickness  curve  Is  used  to  compare  the  burning  of  sever¬ 
al  Comp  h  variations.  The  variable  is  the  [%  additive.  A  quick  glance  shows 
that  the  presence  of  an  additive  (wax  or  estane)  Is  needed  to  establish  toe 
surface  burning  phase  of  combustion.  The  estane  comparison  shows  that  the 
location  of  the  additive  Is  extremely  Important.  When  estane  was  pre-coated  on 
the  HDX  particle,  as  opposed  to  being  mixed  into  the  TNT,  it  slowed  the  burning 
of  the  explosive  more  effectively.  It  did  this  by  slightly  extending  the  pre- 
transition  surface  burning  phase.  More  important,  however,  a  comparison  of  the 
slopes  indicates  that  the  rate  of  fragment  creation  is  slowed  because  the 
additive  is  coated  on  the  RDX  particles.  This  suggests  that,  using  the  closed 
bomb  as  an  evaluating  tool,  a  search  should  be  undertaken  for  the  Ideal 
additive  (costing). 

Observations  made,  concerning  regular  Comp  B,  suggest  that  the  manufacturing 
process  automatically  coats  the  RDX  particle  with  wax.  The  work  reported  in 
reference  14  shows  that  wax  does  not  change  the  burning  characteristics  of 
TNT.  It  also  pointed  out  that  wax  Is  virtually  unraixable  with  TNT.  However, 
when  crystalline  RDX  is  added  to  the  hot  TNT/uax  melt,  the  wax  is  easily  drawn 
into  the  mixture.  The  only  possible  place  for  It  to  go  Is  on  the  surface  of 
the  RDX  particle. 

Logically,  it  follows  that  an  inert  coating  on  the  RDX  particle  oust  func¬ 
tion  as  an  inhibitor.  The  inhibitor  must  delay,  even  If  only  infinitesimally, 
the  initiation  of  each  particle.  The  total  effect  of  these  delays  would  be  to 
slow  the  rate  of  surface  area  reaction.  When  the  search  for  the  Ideal  additive 
is  made,  materials  with  good  insulating  and  thermal  stability  properties  should 
be  considered  first. 


Intrinsic  Burn  Rate  of  RDX  Particle  fron  Closed  Boob  Measurements 

The  closed  bomb  can  do  than  function  as  a  day-to-day  working  tool. 

U  can  help  unravel  the  burning  mechanise  of  explosives  such  as  Comp  B.  The 
thermodynamics  and  physics  of  the  transition  rone  most  be  very  complicated,  but 
the  interface  of  this  gone  oust  accelerate  as  a  function  of  pressure  into  the 
body  of  the  onreaeted  solid.  It  most  leave  behind  fragments  with  a  gradient  in 
both  sire  (related  to  fraction  burned)  and  particle  density  (space  between 
particles).  These  particles  or  fragments  cost  burn  individually  on  their  sur¬ 
faces  according  to  surface  burning  linear  r  jresslon  laws,  it  is  not  known  how 
the  RDX  and  tiff  interact  with  each  other  during  this  phase  of  burning,  but 
knowing  the  Intrinsic  burning  rate  of  the  constituents  would  be  helpful  toward 
unraveling  the  mystery. 

Therefore,  an  attempt  was  made  to  develop  a  method  to  determine  the  burn¬ 
ing  fate  of  RDX  as  a  function  of  pressure  from  closed  bomb  calculations.  The 
assumption  is  sade  that  the  RDX  particle  burns  on  its  outface,  and  a  linear 
regression  analysis  of  the  correct  geometrv  will  develop  the  sane  burning  rates 
with  respect  to  pressure  for  RDX  with  different  particle  Sizes. 

Class  ?  black  powder,  the  Standard  igniter  used  in  closed  boab  work,  burns 
slower  than  the  RDX  that  St  i«  Intended  to  ignite.  Reasonable  success  was 
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obtained  by  using  HI veil te  powder,  a  very  high  burning-rate  propellant,  as  an 
Igniter.  An  approach  to  the  aiaultaneous  ignition  of  the  entire  surface  area 
Is  extremely  Important  to  this  analysis.  In  the  work  discussed  b  re,  252  to 
302  of  the  RDX  had  been  consumed  before  total  surface  area  ignitin',  was  ob¬ 
tained.  This  can  be  Improved  In  the  future  by  dividing  the  charge  ana  igniting 
many  small  packets.  This  may  also  have  the  advantage  of  canccll*  out  the 
development  of  pressure  waves. 

A  straight  line  log-log  burning  rate  curve  Is  developed  wh*'  1  material 
burns  on  the  surface  and  the  correct  geometrical  shape  is  used  uve  calcula¬ 
tions.  This  was  the  result  when  a  sphere  was  assumed  for  the  .^figuration  of 
RDX  (figure  11,  table  4).  Apparently,  the  particle  melts  cohesive  forces 
pull  It  Into  the  configuration  of  a  sphere,  which  then  bu;  «  on  the  surface. 
The  particle  diameter  used  in  the  calculations  were  crudely  estimated  from  an 
average  of  a  sieve  site  cut.  They  contain  a  significant  error  which  could 
change  the  coefficient  in  the  burning  rate  equation.  In  the  future,  the  parti¬ 
cle  diameter  will  be  based  on  its  density  and  average  mass. 

When  applied  to  RDX,  the  exponent,  n,  in  the  burning  rate  equation 

r  »  aPn 


where 


r  -rate,  cm/s 
P  -  pressure,  NPa 

is  about  0.7  to  0.8.  This  is  s  reasonable  value  for  an  energetic  material. 
The  coefficient,  a,  la  about  1.0.  Thla  value  is  probably  in  gross  error:  the 
intention,  however,  ie  to  point  out  an  approach  for  determining  the  Intrinsic 
burning  rate  of  RDX  that  may  have  potential. 


CONCLUSIONS 


The  closed  bomb  can  be  used  as  a  working  tool  to  observe  the  burning  be¬ 
havior  of  explosives*  It  can  expose  the  factors  controlling  the  burning  even 
if  the  fundamentals  of  the  mechanism  are  wot  completely  understood.  In  en 
explosive  like  Comp  S,  it  has  been  demonstrated  that  a  modification  to  Its 
burning  behavior  can  be  observed,  the  additive  cetane  (coated  on  the  thX  par¬ 
ticle)  slows  the  burning  more  effectively  than  wax.  There  must  be  many  other 
materials  that  can  slow  the  burning  more,  thus  making  a  safer  Comp  B .  The 
closed  bomb,  a  simple  laboratory  tool,  can  bn  used  to  select  the  additive  which 
would  do  this. 

in  addition,  there  are  observations*  drawn  from  the  closed  bomb,  the*  can 
provide  a  guide  to  the  explosive  formulator  in  the  search  for  an  improved  xp 
6. 
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1.  Comp  B  undergoes  a  transition  from  a  region  where  the  material  burns 
on  its  surface  to  where  the  composition  breaks  up  and  burns  on  the  newly- 
created  surface  of  its  fragmented  parts. 

2.  During  the  initial  surface  burning  phase,  a  complex  is  formed  at  a 
significant  depth  below  the  surface.  This  blend  of  RDX  and  TNT  does  not  par¬ 
ticipate  in  the  breakup  phase  of  burning. 

3.  The  formation  of  the  complex  requires  the  presence  of  an  additive  (wax 
or  estane) . 

4.  Additives  can  change  the  rate  at  which  new  surface  area  is  being  cre¬ 
ated  during  the  breakup  phase  of  burning.  Some  additives  do  this  more  effec¬ 
tively  than  others. 

5.  Additives  modify  the  burning  of  Comp  B  because  they  are  coated  on  the 
RDX  particle. 

6.  Additives  appear  to  act  as  inhibitors  which  infinitesimally  delay  the 
initiation  of  each  RDX  particle. 

7.  Particles  of  RDX  melt  and  form  spheres  which  burn  on  the  surface  when 
they  are  burned  alone.  It  is  highly  probable  that  they  do  so  when  released 
from  the  Comp  B  solid  during  the  breakup  phase  of  burning. 


RECOMMENDATIONS 


The  work,  as  described  in  this  report,  was  a  learning  experience.  Much 
was  learned  about  the  use  of  the  equipment,  the  interpretation  of  the  data,  and 
the  burning  behavior  of  Comp  B.  Insight  into  the  combustion  process  of  Comp  B 
was  developed,  but  much  of  it  is  iterpretive  and  based  on  inference.  The  work 
needs  to  be  expanded  and  placed  on  a  solid  foundation.  A  period  of  acquiring 
data,  with  scrupulous  attention  to  detail,  is  needed. 

The  objective  of  this  work  should  be  to  separate  and  measure  the  rate  of 
surface  area  creation  from  the  intrinsic  burning  rate  of  the  fragmented 
parts.  These  fundamental  properties  could  then  be  combined  in  suitable  equa¬ 
tions  to  predict  explosive-burning  in  situations  that  might  occur  in  in-bore 
prematures  and  munitions  damaged  by  fragment  attack. 

An  accurate  measurement  of  the  intrinsic  burning  rate  of  TNT  and  the  RDX 
particle  is  needed  in  relation  to  closed  bomb  measurements  on  specially-made 
Comp  B  samples.  These  samples  should  incorporate  variations  in  all  parameters 
which  affect  its  burning  behavior  (i.e.  RDX  particle  size,  its  concentration, 
substitute  additives,  additive  concentration,  etc.).  Utilizing  the  intrinsic 
burning  rate  of  the  constituents  in  combination  with  various  possibilities,  it 
may  be  possible  to  develop  equations  which  describe  the  burning  behavior  of 
Comp  B, 
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Table  1.  Composition  B,  linear  burning  rate  calculation 


Pre-transition  region 


Pressure3 

Burning 

rate,  cm/s 

MPa 

Solid 

Perf 

13.79 

1.010.5 

1.110.6 

20.68 

1.710.6 

1.810.8 

27.58 

2.610.6 

2.611.0 

34.47 

3.510.5 

3.511.0 

41.37 

4.6i0.4 

4.411.0 

48.26 

5.810.3 

5.311.0 

55.16 

7.110.6 

6.310.9 

62.05 

8.511.0 

7.410.8 

68.95 

10.011.6 

8.510.7 

After- 

-transition  regi 

on 

Pressure** 

Burning  rate,  cm/s 

MPa 

Solid 

Perf 

179.3 

280125 

76121 

193.1 

308126 

81119 

206.8 

337126 

85118 

220.6 

366126 

89116 

234.4 

396127 

94115 

248.2 

426127 

98113 

262.0 

457127 

102112 

275.8 

488127 

106111 

289.6 

520127 

111110 

Pressure  (MPa)  equivalent  to  pressure  (pai)  2K  to  10K  step  IK. 
^Pressure  (MPa)  equivalent  to  pressure  (psi)  26K  to  42K  step  2K. 
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Table  2.  Composition  BW,  linear  burning  rate  calculation 


Pre-transition  region 


After-transition  region 


Pressure3 

MPa 

Burning 

Solid 

rate,  cm/s 
Perf 

13.79 

1.210. 1 

1.310.2 

20.68 

2.010.1 

2.110.2 

27.58 

2.910.1 

3.010.2 

34.47 

3.9±0.1 

4.010.2 

41.37 

4.810.1 

5.010.3 

48.26 

5.9±0.1 

6.010.3 

5.16 

7.0±0.1 

7.110.3 

62.05 

8.110.1 

8.310.4 

68.95 

9.2±0.1 

9.410.4 

Pressure^ 

Burning 

rate,  cm/s 

MPa 

Solid 

Perf 

179.3 

120125 

6018 

193.1 

164.24 

6618 

206.8 

220120 

7118 

220.6 

290115 

7719 

234.4 

376119 

82110 

248.2 

482141 

88111 

262.0 

609180 

94112 

275.3 

7621133 

99114 

289.6 

9451205 

105116 

Pressure  (MPa)  equivalent  to  pressure  (psi)  2K  to  10K  step  IK. 
Pressure  (MPa)  equivalent  to  -ressure  (psi)  26K  to  42K  step  2K» 
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Table  3.  Composition  B4,  linear  burning  rate  calculation 


Pre- 

■transition  regio 

n 

After* 

•transition  reel 

on 

Pressure3 

Burning  rate,  cm/s 

Pressure*5 

Burning  rate,  cm/s 

MPa 

Solid 

Perf 

MPa 

Solid 

Perf 

13.79 

0.5±0.2 

0.8*0. 3 

179.3 

689*33 

296*45 

20.68 

1. 4±0.2 

1.8*0. 2 

193.1 

765*34 

296*37 

27.58 

3.0±0.3 

3.2*0. 1 

206.8 

843*35 

296*31 

34.47 

5.5*1 .0 

4. 9*1. 7 

220.6 

924*38 

296*24 

41.37 

9. 1*2. 6 

7. 1*3. 3 

234.4 

1007*40 

296*20 

48.26 

14.0*5.2 

9- .8*3. 3 

248.2 

1092*43 

296*16 

55.16 

20.3*8.5 

13.0*5.2 

262.0 

1179*47 

296*14 

62.05 

28.3*14.3 

16.8*7.9 

275.8 

1268*52 

297*14 

68.95 

38.2*21.4 

21.1*11.1 

289.6 

1359*58 

297*17 

aPresaure  (MPa)  equivalent  to  pressure  (psi)  2K  to  10K  step  IK. 
^Pressure  (MPa)  equivalent  to  pressure  (psi)  26K  to  42K  step  2K. 
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Figure  1 
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Co^>  B,  solid  cylinder,  3/8  tingle  perf,  end  cruthed 


15 


IS  a  S  30  35  « 

TDCr  «SUl«M 

d  cylinder  end  3/8  tingle  perf  (ettan*  on  SU)X) 


»lUt*ee 


Figure  3.  Composition  84,  solid  cylinder  and  tingle  perf  (without  additives) 
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3  8SB7$U8!2S»t7Sa252SISS3S 

mm,  wt 

Figure  5.  Coapoaitioo  i,  standard  type  with  wax,  teat  #2 
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2  8S3SI8t9!5SaSn» 

«$sa,  «?4 

figure  6*  Coapotltion  8,  standard  type  *Uh  *»*.  f3 


20 


I  S5i3t*!2!9lft2B25a353B 

WKSSg,  V* 


figure  1.  Couporitlou  gtf,  «»t#ne  prtcoeted  ou  the  ttDX  particle 
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figure  $.  Composition  8*,  without  additives 
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Figure  9 
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Composition  A3,  pressed  to  a  density  of  1.640  g/cm3 
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